Woaters

A Systematic Approach to Reducing Matrix Eftects in Bioanalytical Studies

Erin Chambers, Diane M. Diehl and Jeffrey R. Mazzeo

Waters Corporation , Milford, Massachusetts USA

OVERVIEW

Several tools were assessed for their effectiveness in reducing matrix
effects in bioanalytical methods. A cumulative strategy for maximum
reduction of matrix effects is suggested.

INTRODUCTION

The MS response obtained from an analyte in neat solution can differ
significantly from that same analyte in a matrix. Matrix effects,
resulting from co-eluting matrix components that compete for
ionization capacity, manifest themselves as suppression or
enhancement of the analyte signal. Matrix effects can be infinitely
variable and difficult to control or predict. They are caused by
numerous factors, including but not limited to endogenous
phospholipids. Other sources of variability in matrix effects include
subject differences, possibly due to diet or other factors, and
concentration of the endogenous phospholipids. The severity and
nature, (suppression versus enhancement] of matrix effect observed
can be a function of the concentration of the lipids at the elution time
of the analyte. ¥ Matrix effects can also be compounded by co-
eluting metabolites, impurities or degradation products. All of the
above can cause significant errors in the accuracy and precision of
bioanalytical methods . These effects should be evaluated as a part of
quantitative LC-ESI-MS/MS  method development, validation and
routine use. We believe that all available tools, or combinations of
tools, should be employed to reduce these effects. In this work, we
compare different sample preparation methods, investigate the
influence of mobile phase pH on both matrix components and several
basic analytes, and we compare HPLC and UPLC™ analysis for
sensitivity and the presence of matrix effects. We chose to focus on
basic analytes in a pharmaceutical bio-analysis environment for this
research. The amount of specific matrix components, or classes of
matrix components, remaining in the extracts was measured by LC/
MS/MS (electrospray ionization) using multiple reaction monitoring
(MRM). Upon high energy in-source CID, the lipids implicated in
matrix effects yield a characteristic fragment ion at m/z 184,
corresponding to the trimethylammonium-ethyl phosphate cation.” It is
this ion that allows us to monitor multiple phospholipids and
lysophospholipids with a single MRM transition, thus maximizing the
duty cycle in the mass spectrometer. The relative levels of
phospholipids present in our samples were measured by monitoring
the transition 184.3 -> 184.3. The cone voltage was set to 90 V and
the collision energy set to 3 eV so that no further fragmentation of the
diagnostic ion would occur.

METHODS

Columns: ACQUITY UPLC ™ BEH C;5 2.1 x 50 mm, 1.7 pm or XTerra® MS C5
2.1 x 50 mm, 3.5 pm

Mobile Phase A: H,O with 10 mM NH,CH,CO,, pH 9 or 0.1% HCOOH, pH
~2.7

Mobile Phase B:100% MeOH or 0.1% HCOOH in MeOH, pH ~2.7

Flow Rate: 0.6 mL/min

Gradient #1 (low pH): 98% A to 98% B over 1 or 2 min, hold 0.5 min, return
to initial in 0.1 min and re-equilibrate for 0.4 min.

Gradient #2 (high pH): 50% A to 98% B over 1 or 2 min, hold 0.5 min, return
to initial in 0.1 min and re-equilibrate for 0.4 min.

Injection Volume: 5 plL

Column Temperature: 50 °C

Sample Temperature: 15 °C

Instrumentation: Waters ACQUITY UPLC™ and Waters Quattro Premier™

Sample Preparation

Protein Precipitation (PPT)
300 ACN to 100 pL blank rat plasma
Vortexed and centrifuged at 13,000 rpm for 5 min.

SPE: Oasis® MCX (Mixed-mode cation exchanger)

Load: Blank rat plasma diluted and acidified 1:1 with 4% H;PO, in water
Wash 1: 2% HCOOH in water

Wash 2: 100% MeOH

Elute: 5% NH,OH in 90:10 MeOH:H,O for Mix 1 or 5% NH,OH in 100%
MeOH for Mix 2

Mix 1 (risperidone, 9-OH risperidone, and clozapine) or Mix 2
(amitriptyline, terfenadine, and propranolol) were spiked into the final elu-
ates from these methods to the appropriate final concentration, which ranged
from 0.1 to 50 ng/mlL. Several experiments were also carried out with
imipramine at the same concentrations.

Standard (neat) solutions of these analytes were made using the same solvent
compositions as the eluates.

RESULTS AND DISCUSSION

EFFECT OF SAMPLE PREPARATION
Figure 1. XIC's of the phospholipid transition, 184.3 > 184.3
from Qasis® MCX SPE and protein precipitated samples, low pH
mobile phase, longer gradient.
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Figure 1 shows the difference in phospholipid levels in samples
prepared by PPT and SPE. The signal for 5 ng/mlL imipramine was
suppressed by approximately 62% in the ACN PPT sample and
showed no suppression in the Oasis® MCX SPE sample. Additionally,
Oasis® MCX removes up to 90% more of the 5 phospholipids
monitored than PPT does.

Figure 2. A comparison of matrix effects in PPT versus Oasis®
MCX SPE prepared samples. 5 ng/mL imipramine

281.2>85.9
1.56e5

PPT:
62% suppression

148 281.2>85.9
1.56e5

QOasis® MCX:

no suppression

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 220 240 2.60 2.80 3.00

EFFECT OF MOBILE PHASE PH
Figure 3. A comparison between low and high pH for the retention
of phospholipids (left) and terfenadine (right).
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As shown in Figure 3, retention of the earliest eluting phospholipids
is independent of pH, while retention of ionizable bases can
change significantly from low to high pH. We can utilize this
behavior to help minimize matrix effects by “moving” the analytes
of interest relative to  matrix components with pH. In addition,
sensitivity of many ionizable bases improves dramatically at high
pH. At high pH, bases are neutral, retain longer via reversed-phase
retention and therefore require higher organic solvent for elution.
Sensitivity for terfenadine at high pH is 2.3X that observed at low
pH.

EFFECT OF LC SYSTEM TYPE
Figure 4. HPLC chromatogram at high pH of a 0.1 ng/mlL
terfenadine sample in plasma, prepared by PPT.
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Figure 5. UPLC™ chromatogram at high pH of a 0.1 ng/ml
terfenadine sample in plasma, prepared by PPT.
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As shown in Figures 4 and 5, the UPLC™ data clearly show better
separation between terfenadine and phospholipids. The increased
resolution afforded by UPLC™ was enough to adequately separate
the analyte from interferences resulting in a significant reduction in ion
suppression. The terfenadine signal was suppressed by >30% in the
HPLC run and suffered only minimal suppression (<5%) in the UPLC™
run. Additionally, the signalto-noise for 0.1 ng/mL of terfenadine is
six times higher in UPLC™ than in HPLC.

Note: Although suppression been reduced with UPLC, the
concentration of phospholipids in the PPT extracts depicted above is
still significant, and can dramatically reduce column lifetime and
method robustness.

CUMULATIVE BENEFITS

Figure 5 demonstrates the cumulative improvement obtained by
utilizing all of the previous tools we've described. The chromatogram
on the left represents a typical plasma sample assay, run under
conditions that are common practice in a variety of laboratories
today: low pH mobile phase, PPT sample prep and HPLC. The
chromatogram on the right represents a plasma sample treated and
analyzed according to the tools we've described: high ph mobile
phase, mixed-mode SPE, and UPLC™. The net improvement in signal-
to-noise ranges from almost 8X to 16XI

Figure 5: Combining all of the previous tools to analyze 1 ng/mlL
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CONCLUSION

. Use mobile phase pH to move compounds away from
interferences and improve retention, resolution and sensitivity

. Mixed-mode solid phase extraction results in cleaner extracts
than PPT, and improves method robustness by reducing build-
up on LC columns

. UPLC™ provides increased resolution from endogenous
compounds and closely related compounds over HPLC

« UPLC™ improves S/N over HPLC, which improves LOD/
LLOQ, helping to compensate for ion suppression.

. The combination of mixed-mode SPE and UPLC™ with high
pH for ionizable bases is the best solution for minimizing
matrix effects in bioanalytical analyses.

REFERENCES

(1). Avery, M. ). Rapid Commun. Mass Spectrom. 2003, (17)197-201.

(2). Bennett, P.; Van Horne, KC. Poster 6006, AAPS 2003.

(3). Mallet, C. R.; Lu, Z.; Mazzeo, J. R. Rapid Commun. Mass Spectrom. 2004, (18) 49-58.
(4). Little, J. , Wempe, M. and Buchanan, C. J. of Chrom. B, 2006. In Press

(5). Ahnoff, M. and Hagelin, H., Poster MPN211, ASMS 2004




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



